I -INTRODUCTION
In the mass analysis of metals using a voltage-pulse atom-probe cluster ions of a few atoms have been hardly observed/l/. However, non-metallic elements such as As and P were detected as cluster ions while mass analyzing GaAs and GaP/2,3/.
Pulsed-laser stimulated field evaporation led to the detection of cluster ions of metals/4/ and a large number of Si clusters/5,6/. Unexpected finding is the observation of mu1 iply charged large Si clusters such as ~i~~~~. ~i~~'. sig4+ and SiljZir and possibly ~i~~~+ / 6 / .
The purpose of the present study is to explore the formation mechanism of clusters by examining the variation of the size and abundance of clusters with tip voltage, tip temperature and laser power,
I1 -Si CLUSTERS
The energy focusing time-of-flight atom-probe with a 3mlong flight JOURNAL DE PHYSIQUE p a t h / 7 / and a n i t r o g e n l a s e r w i t h a peak power o f 200kWand t h e p u l s e w i d t h o f 0.8 n s e c were u s e d .
The mass s p e c t r u m o f S i a n a l y z e d a t 300K
, F i g . 1, i n d i c a t e s t h a t more t h a n 60 % o f 6 1 4 1 i o n s d e t e c t e d a r e si+ a n d si2+. The number o f c l u s t e r s d e c r e a s e d w i t h s i z e and t h e l a r g e s t c l u s t e r a p p e a r s t o b e S i l o .
Tsong r e p o r t e d t h a t most c l u s t e r s a r e d o u b l y i o n i z e d a n d some a r e q u a d r u p l y c h a r g e d / 6 / .
The expanded s p e ctrum, F i g . 2 , i n d i c a t e s t h a t t h e mass l i n e s a t m/n= 28, 29 and 30 a r e c l e a r l y s e p a r a t e d b u t n o mass l i n e s a t 28.5 a n d 29.5 c o r r e s p o n d i n g t o 2+ 28Si29Si2+ a n d 2 9 S i 3 0~i 2 + a r e s e e n i n d i c a t i n g no d e t e c t i o n Of S i 2 .
The t o t a l number o f i o n s i n t h e mass r a n g e from 56 t o 60 i s 499.
The d e t e c t i o n o f 40 i o n s w i t h t h e mass 5 6 . 5 a n d 5 i o n s w i t h t h e mass 57.5 i n d i c a t e s t h e e x i s t e n c e o f ~i 4~' . The n a t u r a l a b u n d a n c e s o f t h e i o n s w i t h t h e s e m a s s -t o -c h a r g e r a t i o s a r e 1 4 . 7 % and 1 . 5 % o f Alt h o u g h t h e d e t e c t e d number o f t h e s e i o n s a r e n o t l a r g e enough t o e s t imate t h e numbers o f si2+ and ~i~~+ i o n s a c c u r a t e l y , t h e number o f si2+
is n e a r l y e q u a l t o o r more t h a n t h a t o f S i 2 + . S i m i l a r l y t h e number o f si3+ c l u s t e r s i s n o t s m a l l e r t h a n t h a t o f !!is2+. The i n t e r g r a l mass 
s t t h a t t h e numbers o f S i 8 , S i l o a n d ~i~~~+ i r e t o o s m a l l t o b e d e t e c t e d o r t h e s e c l u s t e r i o n s a r e n o t formed. T h e r e f o r e t h e number o f s i n g l y c h a r g e d i o n s i s l a r g e r t h a n t h e number o f d o u b l y c h a r g e d c l u s t e r s .
T h e m o s t a b u n d a n t c l u s t e r i s S i 4 . S i 6 , S i 3 , S i 2 a n d S i 5 f o l l o w i n t h e o r d e r Of a b u n d a n c e .
Q u a d r u p l y c h a r g e d c l u s t e r s , ~i~~+~ siq4+ a n d ~i~~~+ / 6 / were 2+ -n o t found.
D e n s e l y c h a r g e d i o n s , s u c h a s S i 2 and m i g h t be d i s s o c i a t e d s h o r t l y a f t e r f i e l d e v a p o r a t i o n by t h e Coulomb r e p u l s i v e f o r c e and t h e d i s s o c i a t e d f r a g m e n t s c a n n o t p a s s t h e d e f l e c t e d p a t h .
I 1 1 -AS CLUSTERS AND OBSERVED COMPOSITION OF GaAs I n t h e v o l t a g e -p u l s e atom-probe m a s s a n a l y s i kV. The observed composition is close to the stoichiometric compositon and no significant change with voltage and temperature was noticed.
IV -P CLUSTERS AND OBSERVED COMPOSITION OF Gap
The apparent composition of Gap and the distribution of clusters vary significantly with tip voltages. When the tip voltage V is 42%0f the hydrogen imaging voltage VH2, the ratio of the number of detected P atoms to that of Ga is only 0.18, Fig. 4(a) . As the tip voltage rises, the abundance 0f.P increases and the stoichiometric composition of Gap is obtained at V/VH2= 0.93, Fig. 4(c) . The most abundant P cluster also shifts from P4 at V/VH2 = 0.63, Fig. 4(b) , to P2 at V/VH2= 1.20, Fig. 5(b) . The mass spectrum obtained by the voltage-pulse atom-probe at V/VEI =1.46, Fig. 5(c) , is quite similar to the spectrum shown by The shift of the most abundant cluster with tip voltage can be explained as follows. The formation of clusters is caused by the promoted diffusion of surface atoms by the thermal effect of laser irradiation and the bigger the cluster size is, the lower the evaporation field is. Thus at a low field clusters can grow up but at a high field clusters are field evaporated before they grow.
Moss to charge ratio m/n 40.. Figures 4 and 5 also show the variation of observed composition of Gap with tip voltage. The deficiency of Ga at high voltages can be attributed to the preferential field evaporation of Ga/3/ and the overabundance of Ga at low voltages to the diffusion of Ga from the tip shank to the tip apex by the.therma1 effect of laser irradiation.
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The present study with the pulsed-laser atom-probe indicated that the most abundant Si cluster is Si4. The number of singly charged cluster ions is larger than that of doubly charged clusters. No s i 2 2 + nor quadruply charged ions were observed possibly due to the dissociation by the Coulomb repulsive force. The stoichiometric composition of GaAs and Gap are obtained. Observed compositions and mass spectra of GaAs and Gap do not vary noticeably with tip temperature nor with laser power but with tip voltage. The formation of cluster is explained tentatively as the result of promoted diffusion of surface atoms by the thermal effect of laser beam and the shift of the most abundant cluster with tip voltage is attributed to the decrease of the evaporation field of cluster with the increase of cluster size. 
The r a t i o o f t h e t i p v o l t a g e V t o t h e h y d r o g e n imaging v o l t a g e V H~ and t h e r a t i o o f t h e number o f d e t e c t e d P a t o m s Np t o t h a t o f Ga atoms
